Abstract-In this paper, we propose and develop a method for determining the transmission amount of each mobile robot connected to a network constructed with a leaky coaxial cable (LCX) by using broadcast packets. Tele-operation of mobile robots using an LCX network is more effective as an information collection method in closed spaces compared with existing methods in terms of the maintenance of the mobile robots' running performance and the stability of the communication quality for disaster reduction activity. However, when the transmission and reception of information exceeds the maximum transmission amount, communication disconnection and transmission amount reduction occur because of band division in the communication path, and there is a risk that mobile robots will be separated from the LCX network. Therefore, to prevent the network division and the decrease of transmission amount during multi-robot operation on an LCX network, we propose a method for determining the transmission amount of each mobile robot using broadcast packets. The proposed method is evaluated on an LCX network, and its effectiveness is confirmed by evaluating the transmittability of broadcast packets and operability of mobile robot.
In this paper, we first discuss the construction method of a multi-robot environment using a leaky coaxial cable (LCX) network, considering the advantages and disadvantages of wired and wireless communication in the tele-operation of mobile robots. Then, we propose a communication disconnection prevention system to address the communication disconnection problem in the multi-robot environment and confirm the system's effectiveness by conducting evaluation experiments in a real environment. In the experiment, we evaluated the proposed method using a mobile robot, and considered the practicality in the real environment such as the afflicted area. The LCX network was also constructed in a real environment and used to evaluate the proposed method. Vol. 10, No. 7, 2019 92 | P a g e www.ijacsa.thesai.org IEEE802.11g has a theoretical throughput value of 54.0 Mbps, which is the amount of data that can be transmitted and received per unit time. Nitta et al. are conducting research on a wireless tele-operation method for excavators by streaming camera images from the excavator to the operator, and reports that wireless tele-operation requires a throughput value of 4.0 Mbps or more. Thus, in the proposed system, the throughput value required for tele-operation between the operator and the mobile robot is set to 4.0 Mbps. IEEE802.11g satisfies the throughput value required for the transmission and reception of streaming and sensor information for tele-operation and command packets used as operation commands, and it can be used in the communication infrastructure of the proposed system.
D. Considerations for a Multi-Robot System using an LCX Network
When an operator remotely controls a mobile robot, it is important for the mobile operator to monitor the communication quality between him/her and the mobile robot to prevent decreases in the operability of the mobile robot and disconnection from the network. The communication range of an LCX network becomes narrower from the access point to the end of LCX because the transmitted and received signals are attenuated by the cable length. The throughput value is also reduced because the transmission loss increases with the distance from the access point as the communication range decreases. Additionally, regarding data transmission and reception, if the communication capacity of the communication path exceeds the upper limit, some mobile robots connected to LCX may be disconnected from the network. This is a specification based on TCP/IP to prevent communication failure on the network when the network is heavily loaded and to keep the connected computers as connected as possible. Therefore, it is also necessary for the operator to monitor traffic on communication paths in LCX networks. As mentioned above, traffic monitoring is required to sequentially determine the position information and transmission capacity of each robot because communication characteristics change with distance. An important part of traffic monitoring is determination of the maximum transmission capacity with respect to the distance from the access point of LCX in consideration of the throughput characteristic of the LCX network.
The maximum amount of transmission is the sum of the amount of information transmitted and received through the LCX network. When multiple robots are connected to the LCX network, the maximum transmission amount is divided among all the mobile robots (Fig. 5) . However, when transmission and reception exceeding this maximum transmission amount are performed, the network connection cannot be maintained; therefore, a mobile robot is disconnected from the LCX network.
This problem is due to the TCP / IP protocol, and similar disconnects occur in TCP / IP compliant LCX networks like this system. We constructed an LCX network and connected five pairs of operator computers and mobile robots to perform bandwidth compression experiments on communication paths in a virtual multi-robot tele-operation environment. In the experiment, the bandwidth division situation was observed with a coiled LCX cable without considering the distance characteristics of the maximum transmission volume (Fig. 6 ).
The band compression type throughput measurement was performed between all the computers used for tele-operation and the computers assuming mobile robots. The maximum transmission capacity of the LCX network used in the verification experiment was measured to be about 42.0 Mbps. As a result of the band compression experiment, the division of the band was confirmed as illustrated in Fig. 7 . However, for five pairs, the connections of all the computers were canceled because the amount of transmission and reception exceeded the maximum capacity. Therefore, for one to execute tele-operation of a multi-robot system using an LCX network, band division must not be generated because it is likely to cause network disconnection. All tele-operators connected to the network must keep track of the amount of transmission and reception between other pairs and be careful not to exceed the maximum amount of transmission. However, in multi-robot operation using an LCX network, no method has been proposed to constantly determine the amount of transmission and reception between other pairs. In a general computer network, bandwidth division control is performed by the resource reservation protocol. However, in the operation of a mobile robot, it is difficult to use the resource reservation protocol because the communication quality changes frequently due to the movement of the robot. Therefore, in this study, we developed a band division prevention method assuming multi-robot operation using an LCX network.
III. A TRAFFIC MONITORING SYSTEM USING BROADCAST PACKETS THAT STORE TRANSMISSION VOLUME INFORMATION
This section describes the traffic monitoring system between each tele-operator and a mobile robot, which considers the problems in tele-operation of multiple robots through the LCX network mentioned above. Many methods have been proposed to monitor the communication status on the communication path, but no method has been proposed that considers the operation of the mobile robot. When considering the operation of mobile robots in a disaster area, the type of robot used depends on the type and situation of the disaster. The robots used in the disaster area are not unified, in terms of the structure of the drive system and the type of OS and control system. It is also difficult to estimate the number of mobile robots to be operated. Although many existing communication status monitoring systems are packaged as software, no one software can be introduced to all OSs and communication methods. Additionally, no method has been proposed that uses multiple mobile robots. Thus, in this study, we propose a communication condition monitoring method using broadcast packets on the premise of TCP/IP-based network connection. A broadcast packet-based method can be used freely in TCP/IPcompliant communication, and it can be used regardless of the operating system or communication method. It can also be used regardless of the number of mobile robots connected to the network. Therefore, it is a method that can be implemented in many mobile robot systems. Fig. 8 presents the flowchart of the proposed system. The tele-operation method prevents band division by determining the maximum transmission value of the communication path and the traffic between other tele-operators and mobile robots and then adjusting the amount of transmission and reception. Additionally, broadcast packets are used for traffic monitoring. Broadcast packets are packets that can be sent to all computers connected to the same network. The mobile robot calculates traffic information from the measurement of transmission and reception information with the tele-operator and then stores the traffic information in a broadcast packet (Fig. 9) . For the measurement, we decided to calculate the traffic per unit time. Packets storing traffic information are sent to each computer on the network once per second. Each tele-operator refers to the received broadcast packet and monitors the traffic between other tele-operators and mobile robots sequentially. Then, the tele-operator can prevent communication disconnection due to band division between each mobile robot and the network by controlling the transmission amount before band division occurs. In existing traffic monitoring methods, generally, many methods use bandwidth for traffic measurement packets. In this study, considering the characteristics of the LCX network, we developed a non-bandwidth compression type traffic monitoring system using only broadcast packets.
In the next section, we construct an LCX network that implements the proposed method, and we describe the broadcast transmission and reception experiments. Fig. 10 presents the network construction diagram of the network constructed in the experiment. The experimental environment is illustrated in Fig. 11 . This experiment was conducted by laying 100 m of LCX in a straight path where no other wireless LAN existed. The tele-operation computer and the mobile robot were placed at a distance of 0.3 m in the vertical direction from the LCX. For communication between the mobile robot and the remote operator, UDP protocol was adopted in consideration of the requirement for real-time teleoperation. Tele-operator computers and computers simulating mobile robots were all assigned static IP addresses in consideration of the requirement for using this system in a multi-robot environment. The network configuration in Fig. 3 looks like a bus-type topology, but this network topology was set as star-type in consideration of the ease of connection setup (Fig. 12) .
B. The Experimental Environment

C. Broadcast Packet Transmission and Reception Experiment
In this experiment, computers (MSNs 1 to 4) assuming four mobile robots were placed on one mobile robot, and measurement was performed while moving the mobile robots.
D. Experimental Results
The experimental results are illustrated in Fig. 13 to 19 . The vertical axis represents the number of packet losses, and the horizontal axis represents the distance traveled by each MSN from the access point to the end of LCX. The measurement results for each communication load are presented for each SN and each MSN. From the results of this experiment, we confirmed that the communication load applied to the LCX network is large, and the number of packet losses increases. Additionally, in this experiment, network troubles such as disconnection of communication did not occur at all measurement points, and the mobile robot could be operated in all areas. 
V. DISCUSSION
From the experimental results, it was confirmed that it was possible to determine the communication situation used between each remote operator and a mobile robot connected to the LCX network using the proposed method. The number of packet losses is smaller in each SN than in each MSN. This is thought to be due to the fact that SN2 and other SNs that transmit broadcast packets are placed at the 0 m point, so the effects of transmission loss of electrical signals in the LCX cable and environmental noise are small. In addition, packet loss was unlikely to occur in each MSN in the range of 0-40 m while the communication load applied to the communication path was 5.0-15.0 Mbps. This is considered to be due to the fact that the start point of the LCX network was smaller in transmission loss and higher in throughput than the end of the LCX network. For the evaluation experiment of the proposed method, an LCX network was constructed, and its effectiveness was confirmed using a remote operator computer and a mobile robot. The number of broadcast packet losses increased when the communication path was overloaded or when the distance from the access point was increased. If broadcast packets cannot be received, it is not possible to determine the amount of transmission and reception of other mobile robots, so the risk of communication disconnection increases. However, in this experiment, broadcast packets were transmitted 10 times, but in all evaluations, no situation occurred in which packets could not be received. We also consider that the reduction of the number of packet losses can be dealt with by increasing the number of broadcast packet transmissions.
